Abstract. Roughness of the road surface acts as an obstacle for the vehicle wheel slip on the road surface especially in wet conditions. Road surface roughness can be generated from the properties of the aggregate or bitumen as a characteristic of asphalt mixture. Various types of added material have been used to improve the performance of hot mix asphalt mixture as well as the warm mix asphalt. The addition of BNA-R and zeolite on the warm asphalt mixtures has been investigated, particularly related with its effect on the value of the skid surface due to the wheels track of the vehicle. The study was conducted in an asphalt mixture before and after the traversed wheel condition. In this study, 7.560 trajectory path using the Wheel Tracking Machine and skid resistance test using a modified British Pendulum Tester, were conducted. Skid resistance test involved various temperatures on the surface of the specimen. The results showed that the addition of BNA-R can increase the value of the skid at the beginning of the track, but at the last track, skid resistance performance was stagnant. Zeolite additive material in warm mix asphalt has improved skid resistance, especially the resistance of asphalt concrete mixture to temperature changes.
INTRODUCTION
The authorities responsible for highway operations and road safety, such as civil engineering offices and the police, often express concerns related with road safety on highways that is substantially affected by pavement surface characteristics, particularly on the shortage of skid resistance of pavement [1] .
Roughness of asphalt mixture or asphalt concrete will be higher with a rough surface texture in compared with the smooth one. Skid resistance is an important factor in designing the pavement because it has a fairly high percentage as one of the causes of accidents on roads. Skid resistance is the force developed in a tire that is prevented it from rotating slides along the pavement surface. Skid resistance is an important parameter of pavement evaluation because:
Inadequate skid resistance will lead to higher incidences of skid related accidents. Most agencies have an obligation to provide roadways that are for the users. Skid resistance measurements can be used to evaluate various types of materials and construction practices [2] . The friction contribution to skid resistance is governed by the actual contact area and the skid number at zero speed, SN 0 at the tire-pavement zone. When the wheel sliding speed is increased, part of the tire-pavement contact zone in the original tire footprint area is replaced by the so-called waterthat as the sliding wheel speed increases, the tire-pavement contact zone gradually retreats to the rear of the tire until the point of hydroplaning, where there is a complete loss of the tire pavement contact zone and the tire is [3] . As vehicle speeds increase, skid resistance decreases. The extent to which this occurs depends on the texture depth [4] .
However, it is relatively difficult to estimate skid resistance parameter. Many factors can affect the tirepavement friction such as the tire type, tread pattern and depth, pressure and condition of tires, the vehicle suspension and braking system, speed, type, load and load distribution, temperature, existence of water and highway geometries, pavement age, traffic of surface and aggregate petrography, angularity, hardness, density, gradation and size. The skid resistance value is affected by aggregate and bitumen characteristics, including aggregate composition and bitumen content in asphalt mixtures, as well as physical properties such as asphalt penetration index, softening point, ductility and other factors that determine the performance of the mixture [5] .
The temperature is the most significant factor among the environmental factors which influences skid resistance. The friction adjustment factor is influenced by air temperature. The influence of temperature on the pavement-surface texture and, consequently, on the friction level is a topic that still needs investigation [6] .
One of the most popular procedures which is used to evaluate the friction resistance of the road surfaces is the Portable British Pendulum Tester. This test procedure is standardized in ASTM E303 test method. The British Pendulum Tester is a dynamic pendulum impact type tester which is based on the energy loss occurring when a rubber slider edge is propelled across a test surface. The apparatus may be used for both laboratory and surfaces, and also for polished stone value (PSV) measurements on curved laboratory specimens from accelerated polishing wheel tests. The values measured are referred to as British Pendulum bjected to accelerated polishing [2] . For more than two decades, the warm mix asphalt (WMA) has been the major research challenge for the production of environmentally sustainable asphalt pavements. The primary objective of its implementation is to reduce fuel consumption and pollutant emissions in order to improve environmental quality and decrease production costs. This reduction is obtained due to lowering mixing and compaction temperatures on the WMA. Reduction of mixing and compaction temperatures is approximately 30 C [7] . WMA technology is classified by the type of selected additives. One of them is foaming technology using additives containing water like zeolite. Theoretically, the zeolite releases water that creates foam and this foam will reduce the viscosity and increase the workability. It facilitates better coatings of the bitumen on aggregates. Furthermore, natural zeolite can be used as an additive for WMA beside of synthetic zeolite [8] .
The objective of this research was to observe the influence of natural zeolite from Indonesia to the skid resistance characteristics at the temperature changes of warm mix asphalt with the modified bitumen using BNA-R.
EXPERIMENTS Materials
Warm mix asphalt (WMA) consists of aggregate (coarse, medium and fine) and bitumen like other conventional asphalt concretes. The composition of aggregate and asphalt should be determined based on the performance needs. One performance factor measured in this study was the skid resistance value.
This study used asphalt concrete wearing course mix (AC-WC) based on Indonesian specification in which the largest aggregate size was 19 mm. The test results on the characteristics of the coarse aggregate, medium played in Table 1 . The aggregate gradation selected was shown in Fig. 1 . BNA-R was used as a modifier to modify the basic properties of base bitumen (Pen 60/70). The properties of base bitumen are presented in Table 2 . BNA-R is a product from semi extraction process of Buton Asphalt (Asbuton) which is blend with crumb rubber. Asbuton is the natural rock asphalt from Buton Island, South East Sulawesi Province. Penetration value decreased in accordance with the BNA-R addition. It means that BNA-R made the bitumen stiffer at the same temperature. The softening point increased as the result of BNA-R addition and it required higher energy to melt bitumen so that it can cover the aggregate properly [9] . In terms of WMA technology, in which the consumption of energy should be lower than conventional hot mix asphalt, the additive to increase the workability is required. Natural zeolite was used in this research because this local material is one of natural resources of Indonesia. Natural zeolites are microporous, hydrated aluminosilicate minerals commonly used as commercial adsorbents (8) . Rich deposit of natural zeolite is found in West Java, Central Java and West Sulawesi. This research used natural zeolite from West Java region and has been activated previously before its application as an additive. The chemical activation without any heating was selected as a method for activation because it produces higher water absorption in compared with other methods. Zeolite is in the form of powder, thus, it must be added to aggregate mixture as a substitute part of filler because it is difficult to blend with bitumen [10] . 
Test Methods
To observe the influence of natural zeolite to the skid resistance characteristics at diverse temperatures of warm mix asphalt with the modified bitumen using BNA-R, the Skid Resistance Tester and British Pendulum Tester were used. The equipment of these tests is shown in Fig. 2 .
This study tested four samples of warm mix asphalt with specific gradation aggregates and different contents of BNA-R, i.e., 0%, 5%, 10% and 15%. These samples was compacted using a mold of wheel tracking machine in the size of 300 x 300 x 50 mm (Figure 3.a) and cut into several sections corresponding to the size of the skid resistance test (120 x 50 x50 mm) (Figure 4) . The study was conducted in an asphalt mixture which traversed by wheel and performed before and after the transverse. The skid resistance test samples were cut from the edge and middle of wheel tracking machine samples (Fig. 3.b) . The wheel tracking test was conducted for 3 hours or 7.560 trajectories. The British Pendulum Tester (BPT) produces a low speed sliding contact between a standard rubber slider and the pavement surface as well as measures frictional properties by determining the loss in kinetic energy of the slider when in contact with the pavement surface. The loss of kinetic energy is converted into a frictional force and thus into pavement friction (i.e., BPN value). The BPT has the advantage of being easy to handle and provides friction and microtexture indicators at a low speed (i.e., 10 km/h) for any pavement, whether in the field or in laboratory analysis of cored or prepared samples [11] . In this research, the skid resistance test was performed at different test temperatures of 25 C, 30 C, 35 C, 40 C, 45 C, 50 C and 55 C.
To 
RESULTS AND DISCUSSION
The results of skid resistance test at different test temperatures and BNA-R contents in the condition of before and after traversed wheel are shown in Fig. 5 . From all test results, the SN values at the samples before traversed wheel were higher than after traversed wheel. With the addition of BNA-R, at the same test temperature, the SN tends to increase. However, the SN decreased when test temperature was increased. The increase of SN value is in linear with the increase of the roughness of pavement surface.
FIGURE 5.
The SN value at different temperatures and BNA-R contents, before and after traversed wheel.
The natural zeolite used in this research was evidenced to have good influence to the asphalt mixture which mixed and compacted at the lower conventional temperature. It can be seen in the results presented in Fig. 6 where the Skid Number of warm mix asphalt with and without zeolite is compared. The warm mix asphalt with zeolite as an additive obtained higher SN value than those without zeolite. It is possibly due to natural zeolite as an additive contains water that gives better lubrication when bitumen starts to coat the aggregate in the mixing process. 
CONCLUSIONS
The addition of zeolite on WMA using BNA-R as bitumen modifier is evidenced to provide better performance in the skid resistance. BNA-R content in the WMA can raise the value of skid resistance and the
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mean of roughness of pavement surface. At a higher temperature, the value of skid resistance will decrease and its shows that the changes of road surface temperature will affect the roughness of pavement surface. At the 7.560 trajectory path of WTM tests, the SN tends to gain lower value at any test temperature. It indicates that pavement surface of WMA has better skid resistance in relation with the duration of wheel cycles.
